Background/Aims: Drug resistance is the main difficulty for the current treatment for osteosarcoma. Cluster of differentiation 44 (CD44) is a receptor for hyaluronic acid (HA) and HA-binding has been proven to participate in various biological tumor activities, including tumor progression, metastasis and drug resistance. In this study, we aimed to determine the effects of CD44 on migration, invasion, proliferation, and the drug-sensitivity of osteosarcoma. Methods: 96 human osteosarcoma tissues from 56 patients were collected to evaluate the expression of CD44 in osteosarcoma tissue by immunohistochemistry. CRISPR-Cas9 system was used to specifically silence CD44 in drug-resistant cell lines (KHOSR2 and U-2OSR2). The migration and invasion activities of cells was demonstrated by wound healing and transwell invasion assay. The proliferation speed of the cells was detected under 3D cell culture condition. Drug resistance of cells was detected by MTT and drug uptake assay.
Introduction

Materials and Methods
Human osteosarcoma tissues
The formalin-fixed, paraffin-embedded tumor specimens of 97 osteosarcoma tissues from 56 patients were selected from The Second Xiangya Hospital of Central South University. The specimens were made into hematoxylin and eosin-stained slides and then were read by a pathologist, together with pathology reports which conclude representative triplicate 0.5-mm-diameter core biopsies. Clinical information of all the subjects was collected, including age, gender, tumor location, tumor stage (primary/metastasis/recurrent), whether the patient received pre-operative chemotherapy or not, the tumor necrosis percentage（if the patient received chemotherapy, and the follow-up period (Table 1, Table2). Institutional Review Board (IRB) approval was obtained from the Second Xiangya Hospital of Central South University to collect all osteosarcoma samples. Written informed consent was obtained from all patients whose specimens and clinical information were used for this research study. All experimental protocols were approved by ethics committee of the Second Xiangya Hospital of Central South University (IRB protocol number: S031). The methods described in this study were carried out in accordance with the approved guidelines.
Immunohistochemistry
To observe the expression of CD44 protein in human osteosarcoma tumor tissue, immunohistochemical staining was conducted according to immunohistochemistry protocol from Cell Signaling Technology. First, the paraffin tissue was sliced into thin slices of 4μM with paraffin slicing machine. Then the dry tissue slices were deparaffinized in xylene for 10 minutes and rehydrated in graded ethanol (100%, 95%, 90%, 85%, 80%, 75%, 60%, 50%, 30%). Next, the slides were subjected to 0.0lmol/L citrate buffer at a temperature of 100℃ for 10 minutes, washed three times with PBS and then incubated with 5% bovine serum albumin (BSA) for 20 minutes to inhibit nonspecific binding of IgG. Subsequently, the primary antibody was added to the tissue slide. After being incubated at 37 °C for 2 hours, the tissue slide was washed 3 times with PBS. Then the tissue slide was incubated with Polyperoxidase-anti-mouse/rabbit IgG at 37 °C for 2 hours, washed 3 times with PBS. In order to determine the appropriate coloration time, DAB solution was added to the slice. After dyeing successfully, the tissue slide was rinsed for l0 minutes by running water to stop the reaction. Finally, the labeled slides were analyzed by a fluorescence microscope (Olympus America Inc., Melville, NY). The immunostaining intensity pattern of CD44 was evaluated in a semi-quantitative manner as follows:0, nostaining; 1+, weak staining; 2+, moderate staining; and 3+, intense staining.
Human osteosarcoma multiple drug resistance cell lines
The human osteosarcoma cell line KHOSR2 is provided by Dr. Efstathios Gonos (Institute of Biology and Biology, Athens, Greece). And U-2OSR2 cells were obtained from the American Type Culture Collection (Rockville, Maryland, USA). These cell lines were cultured in RPMI 1640 (Life Technologies, Grand Island, NY, USA) supplemented with 10% FBS, 100 units/mL penicillin, and 100μg/mL streptomycin (Life Technologies, Grand Island, NY,USA) [58] . Cells were cultivated in a humidified atmosphere consisting of 5% CO2 and 95% air.
CRISPR-Cas9 plasmid design and purification
Aiming at the RNA sequence of CD44-U6-gRNA-Cas9 ± 2A-GFP plasmid (abbreviated asCD44-Cas9-GFP) was constructed to targeted knockout CD44. The plasmid was purchased from Horizon Discovery. Green fluorescent protein (GFP) and Cas9 protein are co-expressed in mRNA and connect with each other through the 2A peptide bond to determinate transfection efficiency. The designated target of the plasmid/ sgRNA is located on the first coding exon of the CD44 gene. The sequence of CD44 sgRNA is as follows: 5 '-CGATCTGCGCCAGGCTCAG -3' (Fig. 1) . The pEGFP-N3 plasmid was provided by Clontech Laboratories, Inc. (Mountain View, CA, USA). The extraction of the plasmid was carried out by QIAGEN Plasmid Mega Kits (Hilden, Germany) following the Plasmid Purification Handbook. We measured the DNA concentration at 260 nm using UV spectrophotometry and made quantitative analysis on the agarose gel to determine the yield of the plasmid.
Work flow of transfection of CD44sgRNA-Cas9-GFP mediated by Lipofectamine
The CD44 sgRNA-Cas9-GFP plasmid was transfected into U-2OSR2 cells and KHOSR2 cells via lipofectin according to Lipofectamine® 3000 reagent procedure. Firstly, U-2OSR2 cells and KHOSR2 cells were inoculated into 12-well plates at a density of 1.0×10 5 cells/mL. After 24 hours, the cells were rinsed three times with Opti-MEM® Medium reagent, and then cultured in supplemented 1mL serum-free medium. Secondly, 1.5μL Lipofectamine® 3000 reagent was diluted to 50μL Opti-MEM® Medium, 1μg recombinant DNA was mixed with 500 μLOpti-MEM® Medium, and 2.0μL P3000 ™ Reagent was added to the diluted recombinant DNA. Thirdly, the diluted recombinant DNA was mixed with the diluted Lipofectamine® 3000 mixture (1: 1 ratio). After incubation at room temperature for 5 minutes, the transfection reagent and the recombinant DNA mixture were added to U-2OSR2 cells and KHOSR2 cells wells. After incubated for 48 hours, the cells that were successfully transfected with CD44 sgRNA-Cas9-GFP plasmid were screened by flow cytometry and were cultured and amplified for further study. While the untransfected cells were served as control. 
Wound healing assay
To assess the influence of CD44 knockout on migration of the osteosarcoma cells, wound healing assay was performed. U-2OSR2 cells and KHOSR2 cells, which were transfected with or without CD44-Cas9-GFP or pEGFP-N3 plasmids, were inoculated into 12-well plates at a density of 1.0×10
5 cells/mL. When the cell reached 80% confluence, three parallel lines with the same width across the same position in each plate well was created by sterile 200 μl pipette tips. The well was washed once to remove the cell debris and suspend cells，and replace with conventional PRMI 1640 medium. The cells were given 24 hours to close the wounds. The well was observed under microscope (Nikon) at 100X magnification every 12 hours (0, 12, 24 hours) and images were captured. Migration rate of the transfected cells was calculated by measuring the traveling distance of cells toward the center of the wound at each time interval.
Matrigel invasion assay
Matrigel invasion assay was used to examine the changes of cell invasion activity with a BD BioCoatTMMatrigelTM Invasion Chamber (Becton-Dickinson, MA, USA) according to the manufacturer's recommendations. Firstly, we put 5×10 4 cells without FBS or antibiotics into the upper chamber of each well. 500 μL medium containing 10% FBS without antibody was added to the bottom chambers. After being incubated for 24 hours, non-invading cells were carefully swept from the upper surface of the Martrigel filter using a cotton swab. Then, the membrane was immobilized with a 100% methanol and dyed with hematoxylin and reddish, subsequently, the number of cells passing through the Martrigel filter was observed under a microscope using a 100×objective.
Examination the spheroid formation of osteosarcoma cell in 3D suspension culture after knockout CD44
Osteosarcoma cell 3D suspension culture was carried out under the guidance of HDP 1096 Perfecta3D® 96-Well Hanging Drop Plates Protocol (3D Biomatrix). Initially, in order to maintain the humidity condition of spheroid culture required for cell 3-D suspension culture, the preheated agarose solution was filled in orifice plates. Cell suspension (2.5×10 5 /ml), containing KHOSR2 and U-2OSR2 cells transfected with CD44-Cas-GFP or pEGFP-N3 or non-transfected cells was prepared respectively. Hanging drops were made by pipetting 40 μl cell suspension to each plate well. Then 10 μL fresh medium was added to the cell suspension every other day to ensure the nutritional supply of cells. After 5 days, 100 μL phosphate buffered saline (PBS) was carefully pipetted into each plate well with the morphology of the spheroids being intact. We collected these cells from the bottom of the plate. Finally, incubation was performed in 1 μL Horchest for 15 minutes, and the spheres formed by 3-D suspension culture were observed under a Nikon Eclipse Ti-U fluorescence microscope. MTT assay Drug resistance of osteosarcoma cells to doxorubicin was determined by MTT assay. Each well of the 96-well culture plates was seeded with 3 x 10 3 KHOSR2 or U-2OSR2 cells which were transfected with pEGFP-N3 or CD44-Cas9-GFP and non-transfected (control). Then increasing concentrations of doxorubicin were used to treat the cells for the following 5 consecutive days. Thereafter, 20 μl of MTT (5 mg / mL in PBS, Sigma-Aldrich, MO, USA) was added to each well of the 96-well culture plates and the plates were placed in a 37 °C incubator for the next 4 hours. Finally, we used acid (HCl)-isopropanol to dissolve the product and SPECTRA max microplate spectrophotometer from Molecular Devices (Sunny Wale, CA, USA) to read the absorbance at wave length 490 nm. The experiment was conducted in triplicate. Dose response curves were performed using GraphPad PRISM 5 software (La Jolla, CA).
Drug uptake assay determined by fluorescence microscopy For visualisation the intracellular accumulation level of doxorubicin in osteosarcoma cell lines transfected with or without CD44-Cas9-GFP plasmids, 2×10
4 cells were seeded in 12 well plates repeatedly the day before the assay. The cells were then incubated with 10 μM doxorubicin in RPMI-1640 medium for 2 hours at 37°C. After washing the cells with PBS, nuclei were stained by 1μg/ml Hoechst. Images were acquired with a Nikon Eclipse Ti-U fluorescence microscope equipped with a SPOT RT digital camera [59] .
Results
Expression of CD44 in osteosarcoma tissues
To explore the potential roles of CD44 in osteosarcoma, we determined the expression of CD44 in human osteosarcoma tissues. CD44 staining was detected in 97 samples from 56 patients, which consisted of 56 primary samples, 30 metastatic samples and 11 recurrent samples. Firstly, we assessed the clinico-pathologic features of the human osteosarcoma samples and no significant correlation was found between CD44 expression level and other factors like tumor original site, age at onset, or gender ( Fig. 2A-C) . As the tissue immunohistochemistry result showed, all osteosarcoma tissue samples expressed different levels of CD44 on the cell membrane. No significant difference of the overall mean CD44 immunostaining scores were observed in metastatic and recurrent osteosarcoma tissues (P> 0.01) (Fig. 2D) . However, expression level of CD44 in primary osteosarcoma tissue was significantly lower than that in metastatic and recurrent osteosarcoma tissues (P< 0.01) (Fig. 2D ). Representative CD44 expression of different osteosarcoma tissue samples can be seen in Fig. 2E .
The connection of CD44 expression with osteosarcoma chemotherapy response and overall survival
In order to clarify the clinical relevance between CD44 expression and osteosarcoma，we studied the relationship of CD44 expression and osteosarcoma prognosis. Among the 56 primary osteosarcoma tissues, 53 tissues were from patients who had received pre-operative chemotherapy. The proportion of tumor necrosis was evaluated after surgical resection. Previous studies have indicated that a good chemotherapy response is that more than 90% excised tumor is necrotic tissue, otherwise it is defined as poor response. Among the cases included, 38 patients had a good response to chemotherapy drugs, while 15 patients showed poor response, and the remaining 3 patients had no pre-operative chemotherapy, so we didn't assess the necrotic areas (Table 1, Fig. 2F ). The data showed significantly lower expression levels of CD44 in poor response osteosarcoma patients than in good response counterparts. Furthermore, we collected clinical information of patients with osteosarcoma, including follow-up months, to perform survival analysis ( Table 2 ). The results showed that the overall survival for patients in the CD44 strong-staining group was significantly worse than for those in the CD44 weak-staining group (P<0.01, Fig. 2G ). The expression level of CD44 was scored according to an immunohistochemistry experiment. Score 0 to 1+ is classified as weak, score 2+ to 3+ is classified as strong.
Cellular
Knockout of CD44 by CRISPR-Cas9 in drug resistant osteosarcoma cells CD44 is expressed in drug-resistant osteosarcoma cell lines (KHOSR2 and U-2OSR2 cells) [9] . In this study, we further studied the biological function of CD44 in KHOSR2 and U-2OSR2 cells. In order to examine whether the CD44-Cas9-GFP (green fluorescent protein) or pEGFP-N3 plasmid is successfully transfected into KHOSR2 and U-2OSR2 cell, a fluorescence microscope was used. As showed in Fig. 3A , GFP expression can be detected in KHOSR2 and U-2OSR2 cells transfected with the plasmids, which suggested a successful introduction of CD44-Cas9-GFP and pEGFP-N3 plasmids into KHOSR2 and U-2OSR2 cells.
Western blot was performed to further estimate whether CRISPR-Cas9 system could suppress CD44 expression in osteosarcoma cells. P-gp is considered as an important factor in the drug resistance degree of osteosarcoma cell line [26] . Hence, we also detected the expression of P-gp to examine the relationship between P-gp and CD44 in protein level. The experiments indicated that CD44 and P-gp were overexpressed in drug resistant cell (KHOSR2 and U-2OSR2) un-transfected with CD44-Cas9-GFP. While after cells were transfected with CD44-Cas9-GFP, the expression of CD44 and P-gp was significantly decreased ( * P<0.01 Fig. 3B & 3C) . And as expected, the expression of Cas9 protein was observed in KHOSR2 and U-2OSR2 cells transfected with CD44-Cas9-GFP (Fig. 3B) . The data above revealed that CRISPR-Cas9 system could effectively knockout CD44, and down-regulation of CD44 expression inhibited the P-gp expression. 
Knockout of CD44 by CRISPR-Cas9 repressed the migration and invasion activities of osteosarcoma cells
Migration and invasion are important pre-conditions for osteosarcoma metastasis. In this study, we knocked out CD44 by CRISPR-Cas9 system to explore its roles in the regulation of migration and invasion in osteosarcoma cells. In the wound healing assay, KHOSR2 and U-2OSR2 cells un-transfected with CD44-Cas9-GFP plasmids were substantially covered with scratches after 24 hours of migration. However, compared with above cells, the migration capability of cells transfected with CD44-Cas9-GFP was significantly inhibited (P<0.01, Fig. 4A & 4B) . Moreover, transwell invasion assays results showed that the mean number of KHOSR2 and U-2OSR2 cells transfected with CD44-Cas9-GFP invading through the Martrigel filter was significantly less than that of the cells transfected with or without pEGFP-N3 plasmids ( * P<0.01, Fig. 4C & 4D) . Taken together, the two assays suggested that knockout of CD44 dramatically decreased the migratory and invasive capabilities of KHOSR2 and U-2OSR2 cells 
Knock out of CD44 by CRISPR-Cas9 repressed the spheroid formation in 3D culture of osteosarcoma cells
In order to imitate an in vivo environment and detect the effect of CD44 on osteosarcoma proliferation, a 3D cell culture was performed. After a 5-day culture in the 3D environment, the diameter of spheroids formed by KHOSR2 and U2OSR2 cells with CD44-Cas9-GFP intervention was significantly smaller than spheroids of cells transfected or un-transfected pEGFP-N3 plasmid ( * P<0.01, Fig. 5 ). The 3D cell culture indicated that CD44 can promote the proliferation of KHOSR2 and U-2OSR2 cells.
Knockout of CD44 expression by CRISPR-Cas9 inhibits osteosarcoma cell drug resistance to doxorubicin
Doxorubicin resistance is common in the treatment of osteosarcoma. In this study, the MTT assay was applied to evaluate the role of CD44 on drug resistance in the established cell lines induced by doxorubicin (KHOSR2 and U-2OSR2 cells). The IC50 of doxorubicin in KHOSR2 cells transfected with CD44-Cas9-GFP was 0. 92μM. While the IC50 of doxorubicin in KHOSR2 cells un-transfected with CD44-Cas9-GFP plasmid was 2.8μM. The IC50 of doxorubicin in U-2OSR2 cells with CD44-Cas9-GFP intervention was 1.8μM. Nevertheless, the IC50 of doxorubicin in U-2OSR2 cells transfected or un-transfected pEGFP-N3 plasmid was 4.8μM and 5.9 μM, respectively (P<0.01, Fig. 6A ). Further analysis of the MTT data 
demonstrated that knockout of CD44 significantly restored the sensitivity of osteosarcoma cells to chemotherapeutic drug doxorubicin. In order to clarify the MTT results, drug uptake assays were performed. The results showed that knockout of CD44 could significantly increase intracellular adsorption of doxorubicin in KHOSR2 and U-2OSR2 cells (P<0.01, Fig.  6B ), which is in line with MTT result. 
Discussion
In this study, we examined primary, metastatic and recurrent tissue samples of osteosarcoma patients and found that high expressions of CD44 were associated with metastasis and recurrence of osteosarcoma. Survival analysis indicated that CD44 can be considered as a predictor for overall survival and chemotherapy response in osteosarcoma patients. Then we successfully established a CD44 CRISPR/Cas9 system and generated osteosarcoma cell lines with constitutive knockout of CD44 expression to study the biological function of CD44. By CRISPR/Cas9 system, CD44 has been verified to mediate osteosarcoma cell migration, invasion, proliferation ability and drug resistance to doxorubicin. Furthermore, silencing CD44 by CRISPR/Cas9 decreased the expression of P-gp that is a drug-resistance marker. CD44 CRISPR/Cas9 system maybe a potential therapeutic approach for the treatment of osteosarcoma in the future.
CD44 is a significant cancer stem cell (CSC) marker for a number of tumor entities, such as breast, colon, gallbladder, stomach, liver, ovary, pancreas, prostate cancers [27] . The expression of CD44 in metastatic ovarian cancer cells was significantly higher than that in primary ovarian cancer cells [28] . CD44 has been shown to be associated with tumor migration and metastasis in colon cancer and breast cancers，and could be used as a prognostic indicator in lung cancer [29] [30] [31] . CD44 is the major cellular receptor for HA and in association with HA, CD44 has a certain impact on the activation of cell-survival antiapoptotic proteins, consequently resulting in tumor cell proliferation and tumorigenesis in hepatocellular carcinoma and lung cancers [6, 32, 33] . Studies showed that overexpression of CD44 on tumor cells enhances the invasiveness of tumor by increasing affinity with its extracellular matrix ligand HA [9, 27, 34] . And a study concentrated on ovarian cancer shows that when CD44 on the surface of ovarian cancer cells binds to HA on mesothelial cells, peritoneal metastasis may be triggered [35] . According to a previous in vivo investigation, CD44-HA interaction increased formation of lung metastasis of osteosarcoma in mice with severe combined immune deficiency(SCID) [34] . To test the role of the CD44 gene in tumorigenesis, mice with CD44 knockout were used. Although the silencing of CD44 had no effect on tumor incidence or survival, mice with knockout CD44 showed virtually aborted metastasis formation of osteosarcomas [36] .
Though high expression of CD44 is closely associated with poor prognosis of osteosarcoma patients, there was a lack of an effective tool to target CD44 to further explore its biological function in the osteosarcoma. Previous studies have noted that knockdown CD44 by shRNA in osteosarcoma cell lines (U2-OS, KHOS) could efficiently decrease the osteosarcoma potential to metastasis [37] . However, the effect of knocking out targeted gene by RNAi-based techniques is neither permanent nor complete [9] . And it is limited to specific organisms with proper host mechanisms and may sometimes exhibit significant off-target effects and toxicity [38] . As CRISPR-Cas9 system is capable of precise modification of specific genomic locus by sgRNA, it may provide a potential platform for targeted gene regulation [39] . Due to the fact that CRISPR-Cas9 is an exogenous system, it does not compete with endogenous processes compared to siRNA. Furthermore, it works at DNA-base which is distinct from that of RNAi at mRNA level [38, 40] . Thus CRISPR-Cas9 genome editing system can permanently knock out the target gene [41] [42] [43] . In squamous cell carcinoma, the amounts of CD44 mRNA in drug-sensitive and drug-resistant cell lines was not significantly different, but the expression of CD44 protein was significantly lower in sensitive cell lines than in resistant cell lines, which indicated if genome editing tools act on RNA levels, the relative protein expression does not always change [44] . With the development of largescale DNA oligonucleotide synthesis techniques, it is fast and inexpensive to generate a large collection of oligonucleotides containing a unique 20 bp region which is essential for the Cas9 protein recognizes the double-stranded DNA target gene [38] . In conclusion, the CRISPR-Cas9 system has great promise as a novel genome editing tool, which is suitable for various biomedical researches and clinical applications. CRISPR-Cas9 guided gene silencing is highly specific [38] . Our study also showed that CRISPR/Cas9 system could specifically and effectively knockout CD44 expression in osteosarcoma cells. In addition, we established stable CD44 knockout osteosarcoma cell lines at the DNA level successfully and further studied in this study. In meningioma and gastric cancer, high CD44 expression was correlated with tumor cell proliferation and invasion [45, 46] . Previous study showed that siRNA-mediated knockdown of CD44 significantly attenuates migration, invasion and viability of osteosarcoma cells [37] . We have similar findings with the application of CD44 sgRNA CRISPR/Cas9. Furthermore, in order to accurately assess the effect of CD44 on osteosarcoma cell proliferation, stable CD44 knockout osteosarcoma cell lines were cultured in a 3-D environment. Compared to osteosarcoma cells un-transfected with CD44-Cas9-GFP, the diameter of spheroids formed under 3-D culture were effectively decreased in cells transfected with CD44-Cas9-GFP, which suggested that CD44 could enhance the proliferation speed of osteosarcoma cells.
The survival rate of patients with aggressive or metastatic osteosarcoma is still relatively low, which is mainly due to chemotherapeutic drug resistance [47] . CD44 expression is also considered as an important biomarker to predict the sensitivity of chemotherapy in ovarian cancer, fibrosarcoma and Gastric cancer [8, 46, 48] . And CD44 abnormal expression can directly affect the emergence of drug-resistant phenotype [49, 50] . CD44 receptor levels in many drug-resistant cancer cells were significantly increased [51] . Parallel results showed that down-regulation of CD44 can restore the sensitivity of breast cancer stem cells to certain drugs [52] . A previous study proved that CD44 plays an important role in cell adhesion-mediated drug resistance through interaction with its ligand HA [53] . CD44 can serve as a potential target for the treatment of drug-resistant tumors [54] . Consistent with those data, our results showed that poor chemotherapeutic drugs response of osteosarcoma patients was correlated with high expression level of CD44, and down-regulation of CD44 increased the susceptibility of drug-resistant osteosarcoma cell lines to chemotherapeutic agent doxorubicin. In addition, the result of MTT assay showed that the IC50 of doxorubicin in KHOSR2 and U-2OSR2 cells with CD44-Cas9-GFP intervention was lower than cells transfected or un-transfected pEGFP-N3 plasmid, which further demonstrated that CD44 played an important role in chemotherapy response of osteosarcoma. Similarly, immunofluorescence showed that after knocking-out of CD44, intracellular adsorption of doxorubicin was significantly increased in KHOSR2 and U-2OSR2 cells. Putting together, we suggested that CD44 maybe involved in the drug resistance of osteosarcoma, thus may be a potential target for clinical treatment.
P-gp is considered as an important factor in the drug resistance degree of osteosarcoma cell line [26] . Works by Susa et al. have found that the inhibition of P-gp expression can improve the sensitivity of osteosarcoma to drugs [26] . In addition, down regulation of P-gp could impair invasion of multidrug resistance (MDR) breast cancer cell [55] . Due to P-gp and CD44 were determinants of MDR and metastases, there may be a direct connection between the two molecules. A study focus on ovarian cancer found that after the suppression of CD44 protein by siRNA targeted to CD44 mRNA in cancer cells isolated from malignant ascites obtained from patients with advanced ovarian carcinoma, the mRNA expression of MDR1 was significant decreased, which suggested that the expression of CD44 mRNA was positively correlated with the expression of MDR1 mRNA [56] . CD44 could abolish ubiquitin E3-ligase(FBXO21) -directed degradation of P-gp, which is dependent on the CD44 phosphorylation state. Due to positive effect of CD44 on P-gp-mediated drug resistance, CD44 may served as a potential therapeutic target in P-gp positive cells [57] . In our study, we demonstrated that the expression of P-gp was significantly altered after knockout of the CD44 gene with CRISPR-Cas9, which suggested that CD44 may mediate tumor drug resistance via regulation P-gp expression.
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